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The officers listed above have recently submitted a Yaster's 
Thesie done under my supervision entitled: 


tA Hethod of Predicting Statical Stability." 


The authors have made a thorough study to ascertain the prace 
ticability of deducing curves or equations from which 4 curve of 
statical stability can be predicted from the principal cimenzions 
and coefficients of fineness and estimated height of center of 
gravity, analogous to Taylor's method for predicting a curve of 
E.H.P. from similar data. Such an accomplishment cculc have wide 
use in preliminary design. The authors have made an excellent 
beginring and are te be cammended highly notwithstanding she fact 
that further studies will be required before this method can be 
put to practical use, 
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SYMGBCLS 


ik. “Gems =. Genter of buoyaicy. 

block coefficient. 

transverse metacentric radius. 

ep Ul. 

center Cfs@ravity. 

transverse metacentric heifht. 

righting arm. 

draft. 

transverse mcment of inertia of weterplane. 

keel. 

vertical distance from keel tc center of buovancy. 
vertical distance from keel to center cf gravity. 
1. length of ship; 2. a parameter used in Teylor's 
iathematical Lines. 

longitudinal coefficient. 

midship coefficient. 

waterline coefficient. 


angle of inclina@iticn. 


Additional symbols appearing only in Appendix A 


acceleration of the curve et the bow or stern. 
acceleration of the curve at the midship section. 
flare of the unit ship. 


flare of the actual ship. 





Jb 


in 


res LG 
ont ' a) 


( 
= ‘S€ction coefiicient for zero flere, 
= “ectolon coetriciant. 

-~ de&adrise coefficient. 
- Slope cf the eeccelerstion curve. 


- bow or stern téengent. 


- fraction of the midship beam. 


Other symbols, not in generel use, but apperring 


this report, are defined when introduced. 


Ta 





, mvs AP). 
hy, Obseek: 
The objeet of this investigation were toc develo 
@ more eccupate and convenient method then is currentiy 
availablé for pretiisting the Curve of Siatic#l Stabilitz 


from prelininary design inrormatilon. 


B. Method: 

Two unit psrent hull forms were designed, using 
Taylor's Mathematical Lines as explained in Appendix A. the 
lene etudine] coefficient, waterline coefficient, flare, mad 
sheer were identical in both parent forms; but the block cec- 
‘efficient wag varied. From each of the two parents, body 
plans were drewn, having systematically varied vslues of 3/H 
and D/H. Then by the use of the integrator and "trial water- 
line" method, righting arms for all hulls were determined for 
inclinations of every fifteen degrees up to sixty. These dete 


were then presentec in the form of a femily of curves. 


GC. Results: 
The principal quantitative results are the frmily 
of stability end derived curves comprising Section IV of tyle 


Mepor t. 


D. Conclusions end Recommendations: 
1. Taylor's Mathematicel Lines for hull design are 
a losierl and useful approach to the investigation of stavil- 


lity, since by their use any independent coerTicient or cherie 





teristic or a@ hull can bw varie? by a known amount an® the 
resultant chengé in statiesgl stability known to be due hay 
tO that variation. It is, therefore, possible to invesiitgwte 
ene influence ubon the curve of statical stabiLlity of any of 
the hull coefficiehte aha charactéristie:. 

ee. The ultimete objective of the investigation 
cvuld not be fully attained in the time evailabcle by < tis 
thesis group, but the method and direction of future investi- 
gations have definitely been indicetei. 

3- It is recommended that the invectization be 
continued in its present form so that it will ultimately tye 
clude hull forms based on at least four different velues of 
1, four different values of b for each velue of Ll, five values 
of B/H for each value of b, and four values of D/H for each 
value of B/K. To complete the study, it is recommended that 
the effects of flare, waterline coefficient, and sheer then 
be investigated in a similer manner. 

4, It 4s further recommended thet the complete 
data be presented in the form of familtes of curves s0 that 
the preliminary designer can enter with the basic hull co# 
efficients and characteristics and, by means of a few inter 
polations, arrive at the curve of statical stability for tis 


desiyn. 





Il INTRODUCTION 


This investigation, and the ones following it, 
are intended to be of use to the ship designer in the pre- 
liminary stage. As things stand now, he cen find many 
things about a new huil without drawing a line or fairing a 
point. He can find its probeble propulsion cheracteristics 
from the Standard Series, from a parent ship he can find its 
probable displacement, and from the duties of the design in 
service he can find its principal dimensions and coefficients 
of fineness. But even by laborious calculations for the 
height of the center of gravity he can get only 4n approxi- 
“mate value of the metacentric height, GM; and he can get no 
knowledge at all of the other stability characteristics. Ex- 
cept by inference from the stability curves of the parent, 
and from a general knowledge of the effect of GM on stability, 
the preliminary designer has no means of knowing: 

1. The range of stability. 

2. The angle of maximun righting arm. 

3. The value of maximum righting arm. 

4, Whether his curve of statical stability 

rises above the tangent at the origin, 
or falls below it. 

Many attempts to correct this situation have been 

made. In 1920, Dr. Heinrich Schultz (1) gave analytical 


formulae for the ordinates of a curve of statical stability. 





Aleman (2) applied these to merchant types and obtained good 
results. Guney and Unel (3) demonstrated that they are not 
ieee SB lic to destroyer-—type hulls, and developed en equation 
for the angle of maximun righting arm. Ih@ir formula idee 

sin GF = Kk (Gu/ au)” 
where ar is a parameter depending on GM, BM, "virtual free- 
board", and ¢, of actual ships. The formula is applied to a 
number of destroyer hulls in reference (3). The maximum er-— 
ror found was about -12% in 50° | but was not consistent in 
elther magnitude or sense. Moreover, for the purposes of the 
preliminary designer, it requires exact Knowledge of both BM 
‘and GM, neither of which is readily available with any pre- 
elsion. 

Hushing (4) used two destroyer hulls considered to 
be the usual extremes in this type of ship, and, using 
Benjamin's method of integration, obtained curves enabling 
the destroyer designer to approximate his curve of statical 
stability with fair accuracy, so long as the new hull does 
not depart radically from the usual destroyer lines. 

All of these methods, for the purpose of the pre- 
liminary design, have certain defects: 

1. They give too little information, or. 

e. They give results applicable to Only one type. 
In short, they attack only the fringes of the problem. 

Latimer and Ramsey (5), ana McKay (6), have gone to 


the center of the problem by using hulls of geometrical form 








(a rectongle, & triengle, snd an ellipse). Tne ontaived 
good correlation with ships in service. The stanility curve 
obtained by their methoi is slveys on the conservetive side, 


and the error in the velue of maximum rignting ere 2 


ty 


LeS& 
7 ’ a 2 a : % ss * 
than 9%. Mowveover, their methol has the «dventege thet a 


desisner need know only his principal dimensions and coef- 


bmty 


ficients of fineness to @epoly it. 

The euthore felt that this was the proper epproged, 
but thet the @~eometricel huil ves an ertificiality that ine 
troduced unavoideble error into the finel results. It was 
sucmestec by Frofessor G. C. Menning of the Lessechusetts 
Beetitute £ Technology that this objection could be remeved 
by using actusl ship-shaped forms. For 2 time it és con= 
sidered thnt correlstion of stebility curves wit various 
peremeters could be obtained by study of the stabildiiy se 
ships in Ace. but tiis idea was abandoned in short order. 
It is simple enough to find the vorilation in the curve of 
staticel stobility betveen two ships, but it is impossible 
to know what caused it unless only one perameter has veried. 
This is normally not the erse, of course, tut is perfectly 
possible with methem ticcl lines. It was, therefore, decided 
to use Teylor's W@athemeticz] Lines. 

The very tora "me themetical" immedistely suggests 
the poseibility of using én exact integration Gye ee caiculue, 


rather than rny of the numerous mechanicél or approximate 





methods eveilchie., Time wne spent in exploring this GLAS , 
but the method was absndoned for the reasons fiven in 
Appendix "B", 

“Ventueliy Lt “as decided to use the atanderd in- 
tegrator method of determining Stability. This method is 
eamittedly not sccuret » Since it presupposes that the ship 
does not trim ss it heels, which we know it does. Neverthe- 
less, it hes merit in thet it is used almost exclusively for 
determining stability (unless a model igs inclined), end thus 
results this method have comparative value. The usuel 
method is to obtein Cross Curves of Stability, and from then, 
the Curve of Statice! stability. To do this, however, would 
invalidate the results: as the waterline on a hull is movea-- 
&s it must be to get cross curves--it would be unusuél indeed 
if the values of the coefficients of fineness did not change, 
end it le apprrent that the values of D/H, B/i, end L/H must 
change. Conclusions arrived at on the basis that the hull 
hed a given block coe?ricient, then, would be dubious at best. 
Moreover, if, after frriving of the cross curves, we select 
only one displecement (thet at the’ Deedigaee ts Weter Line), ve 
heve cone € great ceal of work which is of adsolutely no use 
to us. In eddition, the securacy of the value we get from’ the 
Cross curves is dependent on the manner Of their Talirving, eAd 
these. curves are notoriously difficult tec fair. For these 
reésons, it was decided to use only one displecement, ene to 


obtein the Curve of Staticel stability directly. The method 


of "trial waterlines" used is expleined under "Procedure". 


© 





Now, the parameters to be used in the presentaticn 
of the results are a matter of considereble interest. The 
variables entering into the problem are: 

Length 

vean 

Draft 

Depth 

Rishting Arm 

Area of Wsterplane 
Displacement 

Angle of Inclination 


O 
All of these variebles have the dimensions of (feet), (feet) 


, 
(teet)*, ar (feet)?, and any attempt at dimensional enalysis 
will afford only the usual coefficients of fineness, end veri- 
ous ratios between the linear dimensions: D/H, B/H, GZ/38, ete. 
Of necessity, then, we must choose among them. It will be 
noted from the results presented that the variable "L" does 
not appear as long as the effect of trim is not considered. 
Neither was it necesscry to consider the displecement. This 
1s discussed at more length in Appendix "B", 

A definite plan of vseriation was followed, which is 
treated more fully in "Procedure". Briefly, the ratio of D/i 
was handled merely by reducing the freeboard at constant CYaiaee 
and the ratio of B/H by changing the vertical scale. 

in attacking this investigation, certain simplifica- 


tions were used: 





KG = H. 

otations iO and #10 heve zero area, 

No half=siding. 

No cember. 

No sheer. 

Certain values of flare were used (see 

Appendix "A"), | 

The above—water body of Hull Series "A" was fal 
in by eye, the offsets teken ang recorded, and 
sgaln used in Hull Series "B"., They ere listea 
under "Procedure", | 

The curve of stetical stability is believed to 
be of little use for angles greeter than the 
angle of maximum righting moment. ‘The authors, 
therefore, chose to limit their investicetion 
to angles of inclination less than 60°. By us- 
ing intervels of i. tnis affords five points 
on the curve of stetical stability, anc allows 
better definition of thet pert of the curve cf 


primery interest to the designer. 


i. 


ed 





Tit” #xHOCRLUR: 


After a basic hull form was designed hy the use of 
Teylor's Mathematical Lines, as described in Apvendix "A", 

a body plen was drawn using the offsets so obtained. 

The body plan vas plotted on cross-section paper 
with a beam of ten inches, about the largest value for which 
the body plan cén be continuously integrated by the Amsler 
integrator. ‘hen the body plen is Crawn to this scale, the 
offsets can be plotted to two significant figures, and the 
third figure mey be approximated. 

The above-veter body was arbitrarily faired to the 
deck edge on the unit body plan (B/H=2) of Hull Series A for 
eevalue of the ratio of depth to draft of 2.0. In doinge tage 


an attempt was made to represent the ebove-water body of a 


ship of conventionel type. ‘The offsets as measured were leter 


used for all subseauent ratios of B/H and on all body plens of 


Hull Series B. 


LTeole of Offsets for Arove~“ater Body 


WL Le it es ee 20! 
STA 


i 420 .’5e 8.400) =6.5U3 L620 
730 «763 = =©.795 .633 .870 

900 .908 920 .935 .960 

-990 .992 .995 “697 1.00 

1:00 7 HCO) 1.00 6 106: |p ieao 
-997 .999 1.00 1.00 
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-950 .967 .972 .967 3.960 
230 .880 .902 .905 .&90 
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chengec. The velues of B/H for Which individuel 






hull forms were drawn ana integrated are: 2, 2%, 3, ee 


For eech retio of B/H, integrations “ere performed 


‘for the following ratios of depth to draft, D/H: 1.4, 1.65 



















Red. & 2.0. oOraft was maintained constent and the retic 
i 

varied by re-draving the mein deck for the value of D/H de— 
sired. 


Since an inclined waterline drawn through G tnould 





in feneral not give the desired constant value of disnlrce- 
ment, e triel weterline was drawn pereliel to the inclined 
waterline through G end the volume of displécement compared 
with that for the uninclinedcd ship. Successive trial water-— 
lines were similerly drawn until the desired displacenent 
hed been obtained on tro successive trials. The readinies 
of the moment wheel were recorded for @li interreticns fer 
Eich the trial area reedinges were usefully close to the de- 
sired velue. Displecement was required to be within one 
percent. 

The integretions were performed for use with 
Simpson's First Rule for both moments and volumes. All c?ta- 
numbered stations and all even-numbered steticns were inte- 
grated continucusly and the results tabul.ited for convenience 


on forms (see Figure a). 


10 





HULL SERIES a 


ODD STATIONS EVEN STATIONS 


es 
ee) eo ee 





eee. 
B 5 x Jaf (4) 
Fig. (a) 


4 @ 





it wes seldom necessary to perform a complete in- 
tegration to esteblish a close approximation to the final 
position of a given waterline. If, when integrating for a 
trial waterline, the area of the even-numbered stations con~ 
pared closely to the area of the even staticns for the un- 
inclined ship, the total area would be equally close to the 
desired value. This procedure decreased the work of deter-— 
Mining the position of the inclined waterline. One can expect 
to arrive at the proper displacement on the third ettemnt. 

Since the integrations were performed ebout a verti- 
cal plane through G, the restoring moment 1s given by: 


m= ge 2 4 


and the volume of displacement by: 


= 

Ve £S) FA! 
When using the Amsler integrator in conjunction with 

Simpson's Rule and remembering that first and lest stations 


have zere area, 
>_ x (M) = 40 (scale factor)* [ 25M, + @ Me | 


> FA) + 20 (scale Kacror/*[2 £4.+ Z Ae) 


<- 


2 (scag pieten ) (2a rae = 4, | 
2% Ag+ 2 A, 


GZ 


B = {oO (sc¢cose Facror ) 


le 





— - 22" * 2 4", 
8 


5 [2B A,+ 2 Ae 





where 
Mo “= difference in readings of moment wheel for 
odd stations. | 
Me = difference in readings of moment wheel for 
even stations. 
A, = difference in readings of area wheel for 
odd stations. 
A - difference in resdings of ares wheel for even 
stations. 
a order to determine the slope of the curves of 
Btetical stebility in the vicinity of the origin, the value 
of GM/B was computed as follows: 


CoM xs KB + BM - KG . 


KB was determined by & method similar to thet used for de- 
termining GZ, and then checked by a numerical integretion 

of offsets. The resuits of these two methods checked within 
one percent. 


BM/B was determined from the following relation: 





Z 
z 
sy < 5 f Y "ox 
Y 
2 / , & x A a waa 
SM = 3 wD as LULL eee 
 LBH 
., (3). 2 Peeye~ © tom 
ePLBH 
2 | = 3 
s 
= ant Be 3 » [2¢ we + 2 Gee 





mM = = ° 
> ~ee =£ kk Lae Boe . Lean, 9 


where Y = actual waterline offset. 
Y = waterline offset of the unit hull. 

Using the computed values of GZ/B, the slope at | 
the origin determined by GM/3B, and the cuslitative informa- 
tion derived from a determination of the approximate angle of 
deck edge immersion, curves of stétical stability ere plotted 
for eech value of B/H and D/H. Derived cross-curves were ob- 
tained by plotting the results for each value of 6. 

For the benefit of future investigetors, the follow-= 
ing information may be of essictance in planning the work: 
to plot and fair a body plan of the type used reauires about 
two hours. After experience has been gained in estimating 
the position of the waterlines and in performing the integra- 
tlons, the totel time, including the subsequent calculationih 
for one value of B/H will be about eight to ten hours. This 
time is exclusive of the time which will be needed@ to compute 
the initial mothemetical unit hull form (see Appendix “Ate 

The Figures b, c, d, & e which follew are included 
in this section to illustraete the type of body plan used in 
the investigation. They are reproductions of four of the ten 
body plans actually drewn and integrated. As mentioned above, 
body pléns for different values of D/H were obtained merely by 


re-drawing the main deck at a different height. 
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V_ DISCUSSION OF AgSULTS 


F ns set forth elsewhere, the object of the investi-_ 
getion was to develop a more accurate end convenient method 
than is currently aveilcble for predicting the curve of statical 
stebllity from preliminary design informetion. The aucshors be- 
Jieve thet a long step hes been taken toward thig objective 
and thet there hes been indicated for future investigation a 
definite direction, which, if closely followed, will lead to 
the successful attainment of the objective. 

fhe investigetion thus far hes demonstrated that the 

use of Taylor's Mathematical Lines for hull design 18 a logical 
method of obtaining the data necessary to show the quantitetive 
effects, on the statical stability curve, of a known varietion 
in any of the hull coefficients cr chorecteristics. ‘In this re- 
port, through the use of two hull series, there heve been shown 
the quantitative effects of variations in block cOelfletenie 
Deam-to-draft ratio, and depth-to-dreft ratio. A continuetion 
of the investigation elong the same lines will be able to recorma 
the effects of changes in longitudinel coefficient end of fur= 
ther variations in block coefficient. It will also be per— 
fectly feasible to obtein the effects of vcrietions in sheer, 
flare, and waterline coefficient since a body plan evolved 
from Taylor's Lines is dependent upon theee three cheracteris- 
tles as well @s upon the other coefficients and charecteristics 


previously mentioned. 


ap) 


















? 
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oe all the data derived from variations inl, b 
B/H, and D/H heve been collected and the auantitative effects 


compered, it will be ae simple meiter to present the informe- 





tion in a form readily usable by preliminery designers. Though 
the finel form of presentation must be predic&éted on an analysis 
of the comparative effects of the variations in each ergument, 
the authors have the following tentetive form in mini: 

1. Four equelly-speced values of longitudinel 
goeTficient. 

e. Four ecually-sprced values of block coeffi- 
cient @s sub-heads under eéch vélue of 
lomgitucinal cogiiiciein. 

3. Four values of engle of inclinetion (15, 30, 
ls and 60) as sub-heads under each velue of 
Dig@macceTficiert. 

4, Curves of GZ/B versus D/H for five velues of 
B/H (2, 2k, 3, Bt, & 4) for eech angle of in- 
clinetion. 

5. Correction curves to the above values for 
varying velues of flare, sheer, end weterline 
coefficient. 

The above plen for presentation was decided upon 

efter an enelysis based on the usual theory anc on the de- 
rived postulete cet forti by Latimer and Ramsey (5) thet for 


constent B/H and H/D the veriebles heaving the greatest effect 


ue 











ing arm are Db, mM, @ad eo. The conclusicne seen 


= 





device! anc, therefore, rdésuit in the above tentrtive rors, 









fone Slight variation thereto. I+ ie possible, howewer, 
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that one of the other chrracteristics su 






- 7 
DP Bl apie tecorn ieas 

iléare - 

ey ae ee y 


or waterline coefficient might heve more effect then it ie. 






now thought to have. In this event it mey be necessery to 
a 






_ have more major arguments or sub-heads in the finel prese 










mon of data. 





Although completion of the entire invest ia tion, 


includin the anelysis ané presentétion, will necessarily re- 





quire very many man-hours of work, the authors believe thet 





the objective sought is well worth the length of time neces— 










i 
- 





séry to its develcoment. A successful attainment of the ok- 


Jective will enzble the designer to predict conveniently end 








rapidly the staticel stability charecteristics of any proposed 






design. The preliminary destener will, in eddition, be ahli® 








to decide after only a few more minutes whet chenges must he 
made in his design in order to errive at the desired stad li ty 
cheracteristics. 

It is recomended, then, that future investisator™ 
continue the above-mentioned procedure of collecting the 


necessary data and thet, specificelly, the below-listed sters 


& 
be adhered to in the part of the investivetion Lae diawie 7 


Pollowing, this one: 

































1. wWesign, vy the use of Taylor's Mpthemetical 
Lines, Of Hull Series "C" and "D", both to have a longitud- 
inal coefficient equal to 0.62 and block coefficients eauel 
to those of Hull Series "A" and "B" respectively. In both of 
these series, all other charecteristics and coefficients to 
remsin as in "A" sna "3B" # 

2. Extension of series "C" and "D" to give differ— 
ent body plant having B/H equal to 2, 2s, 3, 34, & 4 respect-— 
ively and subsequent integration for stability of these body 
plans for D/H ratios of 1.4, 1.6, 1.8 & 2.0. 

3. Collection and presentation of these cata for 
Series "C" and "D" in a menner similar to that for "A" and 
"B" as incluced in this report. 

4, Gomperisons with stability curves of cetusl 
ships of the data obtrined up to this point in the investica- 
tion. This necessarily will be a rough comparison since, for 
purposes of interpolation, linearity will be assumed- througk= 
out a lone range of 1 and b; and, in addition, the effecete of 
variation in sheer, flere, and woterline coefficient will te 
i@ cored. 

5. Recommensetions, besed upon these compsrisons, 
asyto tha values of 1, b, p, flare, and sneer to be used in 


further hull form ve@erinetions. 


i ole oie 
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# It will be necessary to allow the values of deadrise co- 
efficient in Taylor's ecuations tc chanee in order to | 
arrive at feir curves for the body section. Thie diemaérity 
should, however, hyve negligible effect cn stability, ane 
cannot be obvieted in any event since the Ceadrise coaeffi- 
cient is, ss explained in Appen®ix "A", not subjeét ta 
COn tise ie 


it must elso be remembered thet the flare referred to in 
this report is the Slarmeof the unit ship (i.e., the velue 


or 














i ee See eee 
4 (Cont'c) 


actually used in the compui7“tion of the m@tnematical hull} 
and not necessarily the flere on any one body plan. It is 
obvious thet the actuak& flure apnearing on any one body 
plan will be dependent upon 3/EK as well as upon the velue 
of the mathemiticel flare on the unit ship. 
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APVPLUDIA A 


The Use of Taylor's Mathematical Lines 


These Lines @re desiyned to produce, not simple 
hulls, but actual ships, and are thus much too complete for 
our purposes. Moreover, the authors found that their use 
necessitated a good deal more knowledge then is availeble 
from a simple perusel of the text (7). Some three months 
were spent in their study, and in making certain necessary 
chenges and simplifications; and to make it unnecesséry for 
succeeding investigators to repeat these, this Appendix is 
included in the Thesis. 

An analysis of the fairly simple, but tedious, 
mathematics involved will not be given, since reference (7) 
provides all that is needed. Briefly, however, the Lines 
are constructed as follows: 

Knowing the velues of m, b, 1, and p, the designer 
proceeds to calculate (1) the Designer's Water Line, (2) the 
Curve of Sectional Areas, and (7%) the Section Offsets. These 
calculations determine a three-dimensional, fair solid; no 
fairing of points is necessary, and no further adjustments 
need be made to the hull coefficients. 

A, Designer's Water Line 
Curve of Sectional Areas 

These curves are of the seme general shape, and the 

type of equations used for both is a fifth-order parabola. 


The constants and parameters found for one are, therefore, ap- 


+7 








At the midship section, both Designer's Water 

Line and Sectional Area curves must be horizontal. 
At the midship section, both Designer's Water 

Line and Sectional Aree curves must heve the ordi- 
nate equal to the desired velue of beam ana 
sectional area. If the midship section ig teken 
as the section of greatest ares and beam, as ig 
usuélly the cese, this will be the maximum ordi- 
nate. 

At the midship section, the curvature must be 
subject to control. 

At the bow and stern, the slope of the curves must 
be subject to control. 

The coefficient of fineness of the curves (water- 
ies coefficient, p, and longitudinal cOoeRRiosenr. 
1) must be subject to control. 


in order to make these Lines of general application, 


Taylor (7) has used a “unit ship"; thet is, one in which the 


half-beam, the half-length, and the draft are all set at unity. 


All offsets, therefore, are proper fractions, and are converted 


to actual offsets simply by multiplying by the actual velues of 


B/e, L/2, or H. 


plicable to the other. The governing, conditions for these 
parabolae are: 

By, 

a. 

5. 

4, 

ae 


Before starting the celculation of these two curves, 


it 1s necessary to determine three parameters: 
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1. Goefficient of fineness Db Oral 





ec. Bow tangent t 
3. Acceleration (curvature) at the : 
midship section a) 


The first of these presents no difficulty, since the designer 
presumably knows his longitudinal coefficient and his water- 
line coefficient. The determination of the other two, however, 
1s a different matter. 

Not included in reference (7), but given in certein 
forms used by the U. 5S. Model Basin®, are these Governing 


Lquations: 


aA .2s ~ 60 r/29p —~&, -/2CT 


So.™ GID -saf—op #72) *#/2C 


240- SSOP FIBA, H#/2F 


SS, * 
= A, + Ao 
= OP- Ss —Fe-OO—_— 


and we are told that: 
&, may be zero or negative. 
&, is negative for full lines, positive for hollow lines. 
S, 18 the slope of the acceleration curve (y"); 1.e., 
the rate of change of curvature, at the origin. 
3, is the slope of the eee curve (y") at the 
midship section. 


* Obtained from Professor H. H. W. Keith of the Massachusettes 
Institute of Technology. 
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Now, suppose we decide on: 
1. Full lines for both the Designer's Water Line and 
the Curve of Sectional Areas, 
2, Meximum ordinate for both to be at the midship 
section, 
3. Straight run, 
which are reasonable. Then we must also accept: 


1. Ap, negative, 
2. &), zero, 


Sa So zero. 


From the Governing Equations, then, we get: 


O 


BO -ybOp—AG 8S ee G) 


t= (0p -S- “Yo . .. 


Eliminating a, between these two equations, we obtain: 


O 
252 45) ~- St -- --- (3) 
From equation (1), and remembering that we have said a, is to 
be zero, we see that: 
p> 0.664/ 
If we arbitrarily set p at 0.70, as was done in Hull Series 


ta" end "B" of this investigation, then: 


p= 0./0 
Bo =—-C. QO 
e © 2oa7 


Note that with the conditions we chose, we were not free to 


assume any values of p, @, and t, but were forced to take 
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Values consistent with our assunptions and with each other. 
Since we have three of these parameters, and tro equations 
involving them, we may choose only one et will, and our 
choice of it is determined by the type of hull we desire. 
Taylor's Methematical Lines are based on a half- 
ship, as explained. That is, the origin of the parabola is 
taken at one end of the ship, either at the bow or at the 
stern. At x = 1.0, therefore, we are at the midship section, 
regardless of whether we are computing the fore- or after- 
body. ‘The two curves making up the complete ship must 
obviously fair in at this point in order to have a ship—-skaped 
form. This means only that: 
S, (bow) must equal 8) (stern), 
and a, (bow) must eaual as (stern). 
By equating the expressions for these quantitles, we may ob-— 


tain: 


Hoo = 240(A - Pa) 4+ Nog ----(4) 


Obviously, if a, 18 to be negative (for the full lines we de- 


sire), then: 
Pa) Fi 
which is of course reasonable. Substituting the velues chosen 


in equation (4), and setting the after—body p at 0.44, we find 


that: 


5 | 











Bog = 733-6 
tea = 6.2 
G12 = G0 
As a matter of curiosity, we may find that at the stern, 
Mon = 140 


which simply indicetes a blunt stern. 

The values used in the example above were those 
used in the ealculetion of Hull Series "A" and "B", 

The séme analysis applies exactly to the calcule-— 
tion of the Curve of Sectional Arees, except that in the 
plece of waterline coefficient, p, we use the longitudinal 
coefficient, 1. It was decided to use the longitudinal co- 
efficient of the forebody equal to that of the after-—body 
both because it simplifies the calculetion somewhat, and be— 
cause no useful purpose is served, in the majority of hulls, 
by varying it. This will give a Curve of Sectional Areas 
symmetrical about the midship section. 

The shape of these curves is subject to a good deal 
more control than is indicated in this exposition. For ex- 
ample, if for a high-speed ship we want a hollow Designer's 
Water Line--one which has a point of inflection between the 
bow and the midship section--we may not only provide for it, 
we mey control its position. The text (7), aed 38, gives ea 
series of contour curves for this purpose. TheSe are not suf-— 
ficiently accurate for our use, however, and the seme analysis 


used above must be resorted to. Nevertheless, as explained in 


ge 








the reference (7), they mey be used to find the approximate 
position of @ point of infbection, if one cecure, and to in- 
dicate general areas from which values of t corresponding to 
the chosen p or 1 must be selected. Thus, the values used by 
the authors will be found in an area where no points of in- 
flection are possible, a necessery condition for full lines. 
Had hollow lines been desired, 4 value of t less than 2.0 is 
indicated. Then, with our original assumption, the use of 
p = 0.70 is not permissible, but must be some lesser velue ag 
determined by equation (3). 

in general, the authors found the parameters t, a, 
and S very nebulous. Their ectual apverrance in a hull is 
hard to define, and their effects not set down in any refer- 
ence we could find. The values finally used were selected 
only after much experimentation and calculetion, and represent 


what we consider to be reasoneble figures. 


B. Sections 

Taylor found that all ship sections cannot be handled 
by the same type of mathematical equation. Fine sections, for 
exemple, conform nicely to a fourth-order parabole, but full 
sections must be handled by & hyperbolic formula. Before start-— 
ing the calculation of either type, however, it is necessary to 
find certain constants. This is done in the table headed "Con~ 
stants for Sections", a copy of which is included at the end of 


this Appendix. First we define: 
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flare-~the tangent of the angle between the vertical 
and the ship's side at the Designer's Water Line, 
measured on the unit ship. The flare, f, of the unit 
ship is related to the flare, F, of the actual ship 
by: 

y= fB/eH 


Dead-rise Coefficient-—the cotangent of the angle 
between the horizontal and the ship's bottom, at the 
keel, measured on the unit ship. The dead-rise co- 
efficient, R, of the unit ship Ils related to the ec- 
tual dead-rise by: | 

Actual Cotangent = RB/2H 
(This coefficient is designated in reference (7) as 
"7" but since this is sleo the symbol for the longi- 
tudinal coefficient, the authors have chenged it to 
"RY ) 
Section Coefficient--the ratio of the area of a given 
section to the area of the circumscribing rectangle. 
That is, 

me = Ag/Bels 
For the unit ship, B/2 and H are both unity at the mid- 
ship section. At the given section, H is still unity, 
but B,/2 is the product of the Fraction of Midship 
Beam, y,, (found from the Designer's Water Line calcu- 


lation) and the midship half-beam, which is 1.0; while 


et 





the area of this section, A,, 4g the product of the 


( 
Frection of Midship Section Ares, A, (found from the 





Sectional Area calculation) and the ares of the mid- 


ship section, which is mBH,. Thus m, reduces to: 


i Amn/Yp 
Mo Section Coefficient for zero flare. This is defined 
in reference (7) by: 
My, = (m, = f/2)/(1 - f) 
L This coefficient, which is unnemed, is used to find 
, the dead=-rise coefficient of the hyperbolic sections. 
It ig not defined in the text, and is of dublous 
utility. It appears in: 
Rue t/L -eaet — B)7b 
The quantity, R, is inherent in the method of calcula- 
tion of hyperbolic sections, and is found for them 
simply to get a curve of R slong the ship. This 1s 
so that when the shift 1s made from hyperbolics to 
parabolics, the values chosen for the latter will fair 
in with those inherent in the former. 
These vurious parameters are celculeted. First we inspect the 
values of m., since they determine the type of section. For 
values of mM, between 0.70 and 0./5, we can obtain almost iden- 
tical sections with either method of calculetion. for smaller 
values we must use fourth-power formulae, and for larger values, 
hyperbolic formulae. The velue at which to shift from one to 


the other is suggested in the text as 0.72, but as a practicel 
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ee 


matter the hyperbolic sections are so much more satisfactory 
that che -cuetert used 0./0 with good results. 
1. Hyperbolic Sections 

For computing a hyperbolic section, we need only 
the following: 


=O 


f 

Yb 
From the value of m, and the curve on page 52 of reference (7), 
we obtain a value of the function @(x) for each waterline, and 
simply follow down the table. With a calculating machine, a 
hyperbolic section may be computed in less than fifteen minutes. 
2. Fourth-Power Sections 

These present a good bit more difficulty, since we 

must include the Dead-rise Coefficient, R, in the calculetion, 
énd it is purely arbitrary. A curve of R for the hyperbolic 
sections (which should be computed first) will aid somewhat in 
determining 1ts value for the fourth-power sections. In a 
ten-etation hull, however, this is by no means infallible. The 
value of R is not sensitive. The authors veried it in steps 
of 0.5 in the indicated direction and obtgined good results. 
Nevertheless, it was sometimes necessary to make two or three 
(in one case, five) calculations before obtaining a satisfectory 
section. No wholly satisfactory method of fixing R wes ever 


found. The text makes no mention of any, and verious tries by 
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the authors feilea abysmally; the most direct approach 1s 





to assume a value of K as indicated by the curve mentioned 
above, calculate the section, plot it in relation to the 
hyperbolic sections already computed, and change 2 in the 
Girection shown by the plot and the adjacent sections, s0 
as to have a fair hull. (The authors found that all hulls 
end all their veriations were best plotted on coordinete 
paper, both beceuse of the time saved end the accuracy 
achieved.) 

Of course chenges in the section shape may be made 
by verying f, but rather than introduce one more verleble 
into an elready overcrowded field, the authors preferred to 
keep this parameter constant between hull forms. The values 
wsed were teken from the exemple ship worked out by leylor 
(7), and are as follows: . 

ytation there 

0 0.000 

7 
240 
Coe 
.Q00 


000 
000 
-O55 
oe 
1.500 
000 
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Ag gteted, these Lines are too complete for the pur- 
poses of & stability investigetion. The authors have, there- 


fore, expended some effort in condensing the calculations and 


Si 








in simplifying certain portions. Briefly, 


J. 


Ten stations were used instesd of forty, the 
end stetions having zero area. 

The two halves of the unit ship were welded, 

so to speak, so that one calculation form 
serves to compute the entire hull. 

Half~siding was omitted entirely. 

Bulbous bows were not used. 

For the sections, ten equally-spaced water- 
lines were used, plus a #§ WL to aid in drawing 
the curve. The #1.2 WL provided for in the 
text was not used, since the above-water body 
was feired in by eye. 

Certain simplifications were made in the "Con- 
stants for Sections" Table, es explained. 

No attempt was made to convert the Fraction of 
Midship Beam, Y,, or the Fraction of Midship 
Section Area, A, to ectual offsets or areas, 
since by this method we retain a perfectly gen-— 


eral hull form. 


These have been assembled into a series of computation forms, 


samples of which are included at the end of this Appendix. 


Their use cuts down the time of computation immeasurably. The 


bold-fece figures in these forms ere the constants computed by 


Taylor; the fine figures are the computations gone through for 


Hull Series "B*". 
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It 1a @ifficult to give any rigid estimete of the 
time required to compute en entire hull, since it “seems to 
vary about inversely es the fineness. However, with @ very 
full ship, one in which all the sections may be computed with 
the hyperbolic formulae, the calculation may be completed in 
‘less than four hours with these forms and @ calculating 
machine. For a very fine ship, one in which all the sections 
must be computed by fourth-power formulae, the calculation 
may teke up to fifteen hours, although it can be done in ahout 
seven, if the calculator is fortunate. This discrepancy is 
due entirely to the necessity for adjusting the values of R, 
plus the added complexity of the fourth-power forms. 

In Tseylor's Mathematical Lines as given in refer- 
ence (7) end the foregoing discussion, the resulting hulls will 
all be of the merchant type. That is, the flat keel remains 
at the base line for the entire length of the ship. Navel 
vessels are not normelly built in this fashion, but have the 


dead-wood cut away severely aft of about Stetion #7: 
—— ee, or ae 
| Ay 
a 


oo 
The Lines es given by Taylor make no provision for this idlo- 


synerasy. If such a profile is desired, however, the authors 
have evolved a very simple method for obtaining it. 
First, draw the profile. Measure carefully the dis- 


tance from the bese line to the bottom of the flat keel, and 
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the ara Gy to the Lesigsner's Water Line #t esch stetion af- 
fected. This draft is denoted as h. Then the section co-~- 


efmecient of this station is: 

mg = As/Bgh 
The section coefficient of the station obteined from the 
Mathematical Lines will be: 

m 


We naturally desire the seme sectional area for each of these 
hulls, since to have otherwise would change the longitudinel 
coefficient of the ship. We equete the expressions for Nes 
and find that: 

me = mM, x H/h 
If we substitute this new value of section coefficient in the 
computation forms end complete the calculation, we will have 
the offsets of the desired stetion. The waterlines will be 
speced closer together in the retio of h/H, of course, but all 
we have to do is to start laying off the offsets at the new 
dreft, h, using the new weterlines. Where the original water-— 
lines cross the outline of the new section, we can pick off 
the offsets to go with the other sections, if thetr numericel 
value is necessary to some cplculation. For the purpose of 
stability, this will not be the cese, and the outline iteelf 
is all we will need. Incidentally, this will probcbly simplify 
the hull computation a little, since the new value of re Wild 
always be larger then the oripinal Mg, and may well be large 
enough to allow @ hyperbolic section to be used rether than oa 


fourth—power section. 
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, There is one drawback to this, from the authore! 


point of view. Recalling the formule for My: 


My a (Mg - £/2)/(1 - f) 
we see thet if f is greater than 1.0, mp turns out to be 
negative. However, it is also true thet in the stetions 
where such e@ condition would be present (Stetion #9 in Hull 
Series "A" and "B" was in this category), the velue of M 
is small enough so that the numerator of the fraction is 
also negative, and my is positive. If, however, the value 
of mg is increased in the ratio of H/h, the numerator may 
well turn out to be positive, and then M, is negative. For 
the use of Taylor's Mathematical Lines, this is not permis- 
Sible, since the curves of $(x) versus mp ere not defined 
below about 0.60. We heve no choice, then, but to change the 
value of flare, f, sufficiently to give us a usable value of 
Mo. the authors do not believe that this would be a fatal 
error in this stability calculation, nor do they feel that a 
hull profile of this sort will introduce any major changes in 
the overall atavility characteristics of a ship, largely be-— 
cause the stations effected ere et the ends of the ship and 
are of small area. Nevertheless, the order of magnitude of 


the change would be a matter of useful knowledge. 
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APPENDIX B 


A Mathematical Analysis of Statical Stability 


Mathematical lines defining the ship form suggest 
the possibility of developing mathematical equations for 
statical stability. It is the object of this appendix to 
develop general equations for immersed volume and righting 
moment using the hypothesis that analytical mathematical 
lines are available, and then to show the difficulties in 


adopting Taylor's Mathematical Lines to the general equations. 


General Coordinate System. X 


zx 


Origin of coordinates at forefoot, 
Z axis along keel, 

xZ plane is C.L.e plane, 

yx planes are section curves, 
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Considering any transverse séction, for the moment, 


(2 fixed): 





SH 
i 


angle of inclination. 


Py 
§ 


intersection of inclined water plane and centerline plane. 
- X coordinate of shallow intersection of water plane and shell. 
X coordinate of deep intersection of water plane and shell. 


=< WG © "3 
i 


- immersed volunse (L°). 


M = righting moment (L*), 


Assuming G at the keel for convenience, we take the 
first moment of the immersed sectional area about an axis throush 


the origin and perpendicular to the water plane. 


ao ow 
eS = 2f yox ~f [ y +(A-x) coer 3 | Wx [ae 
° P 


j 


r 2 
> = zsmef ys ox Cos © f ly ~t- x/cmmt mk wit 


~ fCA-K) cof 0 -¥ 4 x tone] dx 


ja 


gsi [yx o cose f [yt hin we “ xX CA-x) 
._ (4- x)? oT ae 


[2] 
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WoW integrating Along tne lengtl: of “We wht: : 


< 
{\ 
‘a 
= 
J 
Q 
N 
K¢ 
tl 
=. 
m. 
N 


5 eff Sx SZ + Lh + (h-X) coTnf 4 Ix Oz (3 ] 


Oo 
a 20s/- ef [xy ox Oz + COS off fr ‘a cy Tan 6 + x (hA-x) - ince) coh *o | [4] 


For any given cngle of inclinstion, 2. fds laa 


~ 





climed 2raft, h, solution of equations (3%) and (4) worl 

give one point on a cross curve of statica] -tability. 
The limits of integretion, P end @ would have 

tO be onteines from thé equation for the lAtprrectaicn a? 


oe Ww _» 


the weter vclane and the shell, as follows: 


y= f (%, 2) = (A-x) core ; [xP] Loa 
-y = £(%,2) = (h-x)coro ; [x+=@] [6] 
‘ren the deck edge is immersed, nete thet &@ re- 
maing ecunl to DP. Hence, equation (4) nc Lloacer acvlies 
the angle of deck edge immersion is foune Prom the rela- 


BVORs 


4A- DBD 
Sarr @O = Z(xz) [? | 


It 16 readily seen that for a piven Gand F, P 
end @ are functicns of z. 

The general equations (3) an@ (4) are useful onl 
if: (1) the ship sclid can be defined 1n suehe manner tia 
y ts Gnalytieal in & and z; end, \2; the emiietioggs forge 
termining P ena @y (5 er2 S); can Be eclved in temme cf 


%, ancoH. 
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» Unrtortunately, these reouirements are not fulfill lee 
by Taylor's UMethematical Lines. Hence, it is necessary to 
modify equaticns (3) and (4) to lend themselves to nurericsl 
Integretion for such lines. 

Taylor's seeticnal are& curve for fine sections is 


Piven in the form: 


Y = Y +Mear+F Ff + LR 
F, and L are functions of x alone and could be 


where %, M, 
easily integrated in equations (3) and (4). Also, unit sec- 
tion coefficient (m) is analytical by means of Taylor's 
‘equation for the curve of sectional are&és. However, flare 
‘f) end deadrise coefficient (R) are not easily definable ag 
functions of z, as expleined in A pendix (4). 

A similar problem arises in Taylor's formula for 
full sections: 

oy = tee -feeY [1- (ee - Ee] 

in which f anc c are not readily definatle as functions of 2z. 

The possitility of numerical integration of eaua- 
tions (3) and (4) is now considered. 

Taylor's coefficients (R, f, m, etc.) are based 


upon unit curves such that x is one when y is one. If we 


let x = eno. y = ~ P where X and Y are the general coordi- 


nates of equations “(8 and (4), and y, is a fraction such 
that Sy, is the deck width of the section in question, then 


equeticons (3) ana (4) become: 
Sta. 10 


V = Es >. Bx fy > i? PB) 6c x) cor e |x (3'] 


3Sra.o 


cg 





1o = G? 
M » =< pee ef xy 4+- Cos of p Oyey) 4] 


ei OB y, x y tan & se D  (A-x*) x _ ei trasdt cote Taf 
a 





° Zz 
Note that x and y are now dimensionless coordi- 
nates of unit curves such that x is one when y is one. 


By replacing B by B x D and simplifying, we ob- 
D 
tain: Y= ~f 2{3 [re + Ll S aay + A-x) ~~) [3] 
gz ——<s 
M = 2 2] 3% vino f xy a + cos Of [ eee 
3. %e, Xy Tan ® + (A- x)x - (4- << "cor 7] ant [4 | 


we obtain the followlng dimension- 


less oO for righting = as a JT of depth: 


tczxoy © -~ A-x) cof 6] ¢ 
2 — Y, sine [yx on *- CoS of [ ay aa” "+ BEYeY o +(A -x)x a-x)'cot 8) d 
oP BR 


= By [vor LT ¥%Y + G-x) core] dx [s} 


Equation (8) can be solved by numerical integra- 


GZ 


tion of Taylor's Lines substituting for y the equation Tor 
each section after m, f, and R have been determined. Also, 
4t is necessery to solve the intersection equations (5, 6, 
and 7) for each section considered. 

Equation (&) shows several interesting facts about 
the stability of any mathematical hull form. 

(a) The dimensionless righting arm, GZ, is inde- 
pendent of length, (L). 7 

(bd) GZis a function of B, ZY, h, and the form 

~D D 

munction y. 

(c) For a given ship with and y fixed, GZ is 

D 


a function of Y and h alone. 


70 



















and does not depend on the ueuel sesumption 






that sheer is zero or that longitudinel trim during Ir 


s 


Oe 
mt ane 


tion is constant, since depth (>) ana inclined draft (h) 










may be considered es functions of z. To Pine the Lloniritudi- 
nal trim efter inclinaticn so that the correct h ‘his a4 
function of z) may be substituted in equation (g) for the 


— 


stability corrected for longitudinal trim, use can be mace 








of the following ecuation based on the restraint that the 


longitudinel moment after inclination must be zero: 


ds ; 
Se fz - be Jams O [2] 

Gz 
V is ea function of h, hence solution of equation | 

















(9) would give h as a function of z. This value of h should ~- 
be substituted in equation (8%) if correction for longitudinal 
trim is desired. | 

The esnalytical methods. outlined in this appencaix 
vere rejected by the authors insofar as their specific appli- 
cation to Teylor's Mathematicel Lines is concerned because 
the process of actually drawing bocy plans from offsets cAl— 


cule.ted by Taylor's method and analyzing these for stability 





by mechanical integration seemed to be & more positive end 
rapid means of reaching the objective of tne thesis. 
Nevertheless, it is felt thet future investigators 


may find an extensicn of the analytical methods outlined here 


“o be fruitful. Werk similar to that of Latimer ane nansey 
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(see ref. 5), where simple geometric forms are investigated 
for statical stability, could be done readily by enuations 

(3) ana (4) for forme analytical in z and equations (3') ana 
(4') sor forms not analytical in z. This would have the ad- 
vantage over the integrator method that longitudinal trim dur- 
ing inclination need not be ignored. Also, it might prove to 
be of value to differentiate equation (&%) and set it ecual to 
zero to obtain an expression for the meximum righting arm for 
various form functions (y). In like manner, an expression for 
range of stability may be obtained by equating equation (3) to 


ZeYO. 
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mxample of the Use of Equation (&). 


a en ePID eM o — Prpo-atiecn a er PSD 


Consider a square ended barge. Then B/D = 1, 
Yb = 1, and the form function y = l. 
Equation (8) simplifies to: 
p Q 5 2 
@ (heanx4 x*Joot © 
3 De | xdx ee 5. [ey x tne + hx -x*( > >} dx 
fax + {44 note -xwte] dx 
0 Pp! 


2 3 nl 
= SINO ep a Cosel. OnP 4 (a PXtan 6 +2h)-(Q7P )_(h 









(@-P)-h(a= P+ @FI 





p+ QP + TNCo@e— (C= f-) cone 
2 eZ 


FOR’ THE CASE WHERE 6 YS AND n= I72 
me. h-tene = Y2-V%2= 0 
, ia 


g- h+tane = Ye + Yoo | 
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ALPEN DIC 


pummary of Data and Calculations 


I. Hull Series "A": 





Hull Coefficients: DWL Parameters: Sectional Area Parameters: 
i, *y O5G7 t 317 oS te i.0 10 
b s 0.606 Aaja 0.0 0.0 G,= 0.0 0.0 
ee Os 77 pw 0.70 0.84 l= 0.67 0.67 
Sta. i 2 3 My 5 6 a o 
Flare .235 .240 .032 .000 .000 .000 .055 .333 1.500 
No camber, sheer, or half~-siding. 
TABLES OF GZ/B: 
B/H = 2.0 GM/B = -0.052 B/H @ 2.5 GM/B = 0.0331 
D/H 250 1.8 16 1.4 D/H  ~=2.0 1.8 lua 1.4 
15° -.0135 -.0135 -.0135 -.0135 5 |. ORO 0110. .OlTO0 Ome 
309 -.0152 -.0152 ~-.0152 -.0184 30° .0293 .0293 .0279 .0135 
45° .0065 .0038 -.0110 -.0386 45° 1.0648 .0532 .0317 -.0013 
60° .0378 .0126 -.0105 -.0665 60° .0777 .o487 .0186 = )Gegm 
B/H = 3.0 GM/B = 0.104 B/H = 3.5 GM/B = 0.167 
D/H 2.0 1.6 1.6 1.4 D/H 2.0 1.8 1.6 1.4 
15° .0268 .0268 .0268 .0268 15° .okWe Lolo Lolo loko 
309 =. 0644 0644 = 60562) «=|. 0342 30° .0966 .o944 .0812 .0564 
459 (0954 .0776 .Oo4%94 .0150 45° .1200 .1015 .0739 .0335 
60° .0872 .O0640 .0276 -.0154 60° .1080 .0783 .O402 ook 
B/H » 4.0 GM/B s 0. 22ah5 
D/H 2.0 1.8 1.6 1.4 
15° .0618 .0616 .0618 .0618 
3o° 32.1200 «61115 «+.0974 = .0660 
us = .1367 «=.1123 «.0858 =. ohag 
60° .1136 .O846 .0515 .0169 
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i. 


Hull Series 


Hull Coefficients: 


1 s 0.67 
b » 0.469 
pm. ©. 7 / 


HRW: 


DWL Foerameters;: 


As in Series "A". 


Flare as in Series "A". 


No camber, sheer, or half-siding. 


TABLES OF G2/B: 





As in Series "A". 








sectional Ares Parameters: 





B/H = 2.0 GM/B » 0.0285 B/H = 2,5 GM/B = 0.123 
D/H oo 1.8 1G 1.4 D/H 2.0. (jas l. 1.4% 
as on 
15° .0089 .0089 .0089 .0089 15° .0304 .0304 .o30k .0304 
gO” .0208 .0208 .0208 .0158 30° = .0614 .0614 .0607 okie 
45° .okug ole -0316 .0014 450 -O911 .0836 .0610 .0263 
60° .0816 .0565 .0206 -.c142 60° .1101 oK06 .O43 ~ ooak 
B/H = 3.0 GM/B = 0.201 B/E @ 305 GM/B = 0.273 
D/H 2.0 1.8 1.6 1.4 Dy EaRo 1.8 1.6 9 
ce es 
15° .oles .okss .olss .ollgs 15° .0665 .0665 .0665 ~0565 
30° -0875 .0875 .0834 .0620 30° .1167 -1167 .1035 .0765 
5° «1210 61060 «.0811 .0K50 = 5? 1430 «61230 0951 . OSs 
60° .1270 .0951 .0565 .0129 60° .1370 .1ollo .0675 .Ool5 
B/H = 4.0 GU/B = 0.339 
D/H 2.0 1.8 1 6 1.4 
15° 0843 .0O843 .0843 .0820 
30° .1410 .1360 .1200 .0915 
N5° .1595 .1365 .1080 .0685 
60° .1450 .1120 .0794 .0370 


Te: 


ArPoWDIx D 
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